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PAINT SUBSTITUTE FILM 
BACKGROUND OF THE INVENTION 

This invention relates to a paint substitute film used as substitutes for painting 
of exterior panels or components of an automobile or the like. 

In order to improve an ornamental design of exterior components or trims, such 
as fenders, bumpers, hoods, wheel caps, and other plastic components, of a vehicle, 
spray paint is employed in most instances. However, a painting process including an 
operation of spraying paint requires a large facility and wide space for repeatedly 
performed painting and drying steps and would reduce productivity; therefore, in 
recent years, the use of ornamental film (hereinafter referred to as "paint substitute 
film") for improving an outer appearance of a finished product has been receiving 
attention as serving to streamline a finishing process for the product. 

A paint substitute film 101 as conventionally used, for example as shown in 
FIG. 4 A, includes a clear coat 102, a color coat 103, and an adhesive layer 104 which 
are laminated one after another. 

The clear coat 102 is formed using a high-transparency plastic material 
composed for example of polyurethane, acrylic resins, polyester resins, silicon resins, 
polyvinylidene fluoride (PVDF) or mixtures thereof, and serves to protect and gloss 
over the color coat 103, and to exert other advantageous effects. The color coat 103 is 
formed with metallic pigments 105 added to resinous materials having substantially 
the same composition as of the clear coat 102, and serves to produce a metallike effect 
similar to spray paint in appearance. The adhesive layer 104 serves to bond the paint 
substitute film 101 onto a surface of an exterior component or the like of an 
automobile. 
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When the paint substitute film 101 is bonded to the exterior component or the 
like, the paint substitute film 101 heated in advance under infrared irradiation from an 
infrared lamp or the like is formed into a shape conforming to a surface of the exterior 
component by an in-mold process, a vacuum forming or the like, and bonded to the 
5 exterior component using the adhesive layer 104. Upon bonding the paint substitute 
film 101 to the exterior component, the paint substitute film 101 is drawn so as to 
conform to a mold or a contoured surface of the exterior component {see FIG. 4B), 
while retaining a layered structure thereof as illustrated in FIG. 4A. 

As shown in FIG. 4 A, the metallic pigments 105 each shaped like a staple fiber 

10 or a flake are dispersed in the color coat 103 of the paint substitute film 101 in a 
manner that permits random orientations of the pigments 105. This composition 
allows rays of light incident from outside on the paint substitute film 101 to diffuse 
upon reflection off the metallic pigments 105, thereby providing a metallic-color 
appearance similar to that which is provided by spray paint. 

15 However, when a metallic paint substitute film 101 is bonded to an exterior 

component having a complex (three-dimensional) shape among various exterior 
components of an automobile or the like, the film 101 is drawn to a large extent, partly, 
especially at a convexly curved area, so that disadvantages are entailed as below. 

When the paint substitute film 101 is drawn upon application to the exterior 

20 component, the metallic pigments 105 randomly dispersed in the color coat 103 are 

made aligned with a direction parallel to a drawing direction (as indicated by an arrow 
in FIG. 4B). This phenomenon will hereinafter be referred to as "orientation" of the 
metallic pigments 105 {i.e., the pigments 105 are, in other words, oriented in a 
direction parallel to the drawing direction). Rays of light incident from outside on the 

25 paint substitute film 101 would strike on the metallic pigments 105 as thus oriented, 
but could not diffuse upon reflection off the pigments 105. Consequently, a desired 
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metallic color cannot be produced, and thus the color of the paint substitute film 1 
would disadvantageously be made different from its intended appearance. 

FIG. 5 is a graph showing a characteristic curve of a relationship between a 
film drawing rate and a color difference, obtained from results of an experiment in 
5 which the color difference varying with the film drawing rate was measured for the 
metallic-color paint substitute film 101 and a solid-color paint substitute film. The 
color difference used in the experiment is a color difference index in Hunter Lab 
color space and is computed by the Hunter Lab color difference equation that used to 
prevail from the early stages of application of the color difference evaluation 

10 technology to the paint industry. It is shown in FIG. 5 that the solid-color paint 

substitute film undergoes little change even if the film drawing rate rises, while the 
metallic-color paint substitute 101 represents increase in color difference in proportion 
to the increase of the film drawing rate. 

Accordingly, when a metallic paint substitute film 101 is bonded, in particular, 

15 to an exterior component having a complex shape among various exterior components 
of an automobile or the like, the film 101 is drawn to a large extent, partly, especially 
at a convexly curved area, and thus the largely drawn convexly curved area has an 
appearance different in color from surrounding areas that are not drawn so much. For 
that reason, the metallic-color paint substitute film 101 can be applied only to a 

20 component having a simple shape. It would conversely turn out that paint substitute 
films applicable to the component having a complex shape as described above could 
disadvantageously be restricted to solid-color paint substitute films. 

The present invention has been made in view of the above-discussed 
circumstances. 

25 



3 



H102-3699-US01 

SUMMARY OF THE INVENTION 

In one aspect of the present invention, there is provided a paint substitute film 
comprising a color coat in which metallic pigments are dispersed, wherein the color 
5 coat includes orientation inhibitors for inhibiting orientation of the metallic pigments. 

With this composition, the orientation inhibitors are interposed among the 
metallic pigments, to be more specific, in interstices that develop among grains of the 
metallic pigments, above and below the grains. Even if the film is drawn, the 
orientation inhibitors mixed in the color coat of the film each serve as an obstacle to 
10 inhibit the metallic pigments from becoming oriented uniformly. Accordingly, rays of 
light incident on the film that has been drawn can diffuse upon reflection off the 
metallic pigments that remain randomly oriented, so that color of the film is kept 
unchanged. 

The above orientation inhibitors may preferably are made of at least one kind 
15 of materials selected from the group consisting of a glass bead, a glass powder and an 
extender. These materials may be used for the inhibitors singly or in combination, so 
that inhibitive action thereof can be optimized as appropriate. 

The orientation inhibitors may preferably have an average particle diameter of 
ljLxm to 30jj,m inclusive. If the average particle diameter of the orientation inhibitors 
20 falls within the range of 1 through 30(uim, the pigments can securely be prevented by 
the orientation inhibitors from becoming undesirably oriented upon drawing of the 
film. To be more specific, if the average particle diameter of the orientation inhibitors 
were below ljum, the capability of the orientation inhibitors as obstacles would 
decrease. On the other hand, the average particle diameter of the orientation inhibitors 
25 were over 30p,m, the orientation inhibitors would jut out of the surface of the film, 
whereby the outward appearance would be impaired. 
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Other advantages and further features of the present invention will become 
readily apparent from the following description of preferred embodiments with 
reference to accompanying drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial magnified view in cross section of a paint substitute film 
according to one exemplified embodiment of the present invention. 

FIG. 2A is a schematic diagram showing a color coat of the paint substitute 
10 film according to the present embodiment before drawing the film. 

FIG. 2B is a schematic diagram showing the color coat of the paint substitute 
film of FIG. 2A after drawing the film. 

FIG. 3 is a graph showing a characteristic curve of a relationship between a 
drawing rate and a color difference for conventional paint substitute films and a paint 
15 substitute film according to the present embodiment. 

FIG. 4A is a partial magnified view in cross section of a conventional paint 
substitute film before drawing the film. 

FIG. 4B is a partial magnified view in cross section of the conventional paint 
substitute film of FIG. 4A after drawing the film. 
20 FIG. 5 is a graphjshowing a characteristic curve of a relationship between a 

drawing rate and a color difference for a conventional metallic-color paint substitute 
film and solid-color paint substitute film. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereafter, a detailed description will be given of an exemplary embodiment of 
a paint substitute film according to the present invention with reference to FIGs. 1 
5 through 3. 

As shown in FIG. 1, a paint substitute film according to the present 
embodiment has a trilaminar structure, similar to the conventional paint substitute film 
101 as described above, having a clear coat 2, a color coat 3 and an adhesive layer 4 
with metallic pigments 5 mixed in the color coat 3. The clear coat 2 is formed, like 

10 the conventional composition, using a high-transparency plastic material composed for 
example of polyurethane, acrylic resins, polyvinylidene fluoride (PVDF) or mixtures 
thereof. The color coat 3 is formed with substantially the same resinous materials as 
the clear coat 2. The clear coat 2 and color coat 3 may otherwise be formed, without 
using the above resinous materials, for example, using a light-curable paint, an 

15 electron beam-curable paint, a room-temperature drying paint, a lacquer, etc. 

The paint substitute film 1 according to the present embodiment is different 
from any other conventional films in that orientation inhibitors 6 are added into the 
color coat 3 so as to become interposed among the metallic pigments 5, i.e., in 
interstices that develop among grains of the pigments 5, above and below the grains of 

20 the pigments 5. 

As the orientation inhibitors 6, preferably, is used a transparent hard material 
that would not alter the color of the color coat 3, such as a glass bead, a glass powder 
and an extender, and a mixture thereof. Materials preferably usable for the extender 
include silica, alumina, titanium oxide, and the like. 

25 The particle diameters of the orientation inhibitors 6 are adjustable as 

appropriate in accordance with the thickness of the color coat 3, the size, shape (e.g., 
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like a staple fiber, a flake, etc.) and/or thickness of the metallic pigments 5, and 
preferably configured within a range of ljim through 30|im. To be more specific, if 
the particle diameters of the orientation inhibitors 6 were below ljam, the capability of 
the orientation inhibitors 6 as obstacles to inhibit uniform orientation of the metallic 
5 pigments 5 would decrease. On the other hand, the average particle diameter of the 
orientation inhibitors 6 were over 30jam, the orientation inhibitors 6 would jut out of 
the surface of the paint substitute film 1 upon drawing of the film 1, whereby the 
outward appearance would be impaired. 

Moreover, the orientation inhibitors 6 may have a uniform particle diameter, 

10 . but rather may preferably have some varying particle diameters within the range of 
l|iim through 30jam. Variations in particle diameter of the orientation inhibitors 6 
within a specific range would serve to adequately maintain randomness in the 
orientations of the metallic pigments 5 as shown in FIG. 1, thus would produce a 
desired outward appearance more similar to that which could be achieved by the spray 

15 paint. 

The paint substitute film 1 according to the present embodiment having a 
composition as described above exerts the following advantageous effects, which 
result from addition of the orientation inhibitors 6 for inhibiting orientation of the 
metallic pigments 5. 

20 When the paint substitute film 1 is bonded onto an exterior component (not 

shown) of an automobile, the paint substitute film 1 is drawn in a direction indicated 
by an arrow a shown in FIG. 2A. In this instance, as shown in FIG. 2B, each 
orientation inhibitor 6 serves as an obstacle to prevent the metallic pigment 5 from 
being oriented toward a direction (indicated by an arrow b in FIG. 2A) parallel to the 

25 drawing direction. Accordingly, even after the paint substitute film 1 is drawn, rays of 



7 



H102-3699-US01 



light incident on the film 1 diffuses upon reflection off the randomly oriented metallic 
pigment 5, and thus unfavorable alteration of color in the film 1 can be prevented. 

In order to make a comparison of a color difference versus drawing rate 
relationship between the paint substitute film 1 prepared according to the present 
embodiment and conventional films, an experiment was carried out. FIG. 3 is a graph 
showing a characteristic curve of a relationship between a drawing rate and a color 
difference obtained from the experiments for the paint substitute film 1 that contains 
orientation inhibitors 6 according to the present embodiment and conventional films A 
and B (with no orientation inhibitor added to the color coats thereof). In the 
experiment, the particle diameters of the orientation inhibitors 6 were configured to 
fall within the range of ljim through 30jj,m as described above, and the mass ratio of 
the orientation inhibitors 6 to the metallic pigments 5 were set at approximately 10 
mass%. 

It has been shown as a result of the experiments that the conventional films A 
and B give an increase of the color difference AE to approximately 2-4 at a drawing 
rate of approximately 50-100% as shown in FIG. 3, i.e., when the conventional films 
A and B are drawn by approximately 1.5-2 times. In contrast, it has been shown that 
the film 1 according to the present embodiment can restrict the increase of the color 
difference AE to a very small value of approximately 0.5 or below even when the film 
1 is drawn at a drawing rate of approximately 50-100%, and thus no significant 
alteration in color would take place. 

Consequently, even when the metallic-color paint substitute film 1 is drawn 
partially to a large extent upon application to an exterior component of an automobile 
or the like, partial variations in the color of the paint substitute film 1 can be restricted, 
so that the color of the paint substitute film 1 may be rendered uniform throughout an 
entire surface thereof, thereby producing a metallike effect similar to spray paint in the 
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outward appearance of the exterior component. As a result, the component to which 
the paint substitute film 1 is applied and other components adjacent thereto can be 
color-matched with ease. 

In the above description of the preferred embodiment of the present invention, 
5 it is assumed that the paint substitute film 1 is applied to a component of an 

automobile or the like. However, the present invention is not limited thereto, but the 
paint substitute film 1 can be applied to vehicles other than an automobile (e.g., 
motorcycles, trucks, etc.), vessels (e.g., ships, motorboats, etc.), home electrical 
appliances, audio products, construction materials, steel sheet or plate products, and 
10 the like. 

Although the preferred embodiments of the present invention have been 
described above, various modifications and changes may be made in the present 
invention without departing from the spirit and scope thereof. 

In conclusion, the present invention can provide a paint substitute film having 

15 an excellent property that permits universal (unlimited) application to a variety of 
components, for example to a complexly shaped component, without decreasing 
marketability of the component due to undesirable change in color. More specifically, 
the present invention can provide a paint substitute film capable of preventing 
undesirable change or variation in color of an outward appearance of the component 

20 that might be caused by orientation (uniform orientation) of pigments therein upon 
drawing associated with the application of the paint substitute film to the component. 
Therefore, the paint substitute film according to the present invention can be provided 
to produce a metallike effect similar to spray paint without fail in the outward 
appearance of a variety of exterior components. 
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